Introduction. We explored how ethnicity affects the risk of postoperative nausea and vomiting (PONV) and established the correlation of suggested risk factors of PONV in the multiethnic population of Singapore. Methods. 785 patients who underwent orthopaedic surgery were recruited. These comprised 619 Chinese (78.9%), 76 Malay (9.7%), 68 Indian (8.7%), and 22 other (2.8%) cases. The presence of possible risk factors of PONV and nausea and/or vomiting within 24 h after surgery was studied. Univariate and multivariate logistic regression analyses were performed. Results. The incidence of PONV was 33.2% (261 patients). There was no statistically significant difference of PONV incidence between Chinese, Malay, and Indian cases (34.6% versus 34.2% versus 29.4%, = 0.695). Indian females younger than 50 years were found to have a higher incidence of vomiting ( = 0.02). The significant risk factors for this population include females, use of nitrous oxide, and a history of PONV. Conclusion. In the groups studied, ethnicity is not a significant risk factor for PONV except for young Indian females who have a higher risk of postoperative vomiting. We suggest the selective usage of antiemetic for young Indian females as prophylaxis and avoiding nitrous oxide use in high-risk patients.
Introduction
Postoperative nausea and vomiting (PONV) are the most frequent side effect of anaesthesia with reported incidences of up to 30% [1, 2] and are associated with significant morbidity such as aspiration and wound dehiscence [3] . A multitude of risk factors such as gender, nonsmoker status, history of PONV or motion sickness, and use of postoperative opioids [4] have been suggested and incorporated into risk stratification models for PONV. Ethnicity, on the other hand, has not been thoroughly investigated.
Knowledge of risk factors of PONV enables anaesthesiologists to target the use of prophylactic interventions judiciously for patients who are most at risk of PONV. This will enable the reduction of the cost of managing PONV as the universal use of PONV prophylaxis has not been shown to be cost-effective [5] . In this study, we aim to study the multiethnic population of Singapore and explore the degree to which ethnicity affects the risk of PONV and the correlation of suggested risk factors and incidence of PONV in this population.
Methods
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Journal of Anesthesiology September 2009 to January 2010 collected for a prospective study of patient satisfaction scores in elective orthopaedic operations was used for this retrospective study. The study population comprised elective orthopaedic operations that consisted mainly of joint operations (total knee replacement, total hip replacement), spine and shoulder operations. The primary outcome measured was the presence of nausea and/or vomiting within 24 h after surgery.
This database used standardized questionnaire forms and completion of these forms was performed by the trained anaesthesia medical officers in charge of the patient on postoperative day 1 upon reviewing of the postoperative patients in the ward. The presence and severity of nausea and vomiting episodes (in terms of mild, moderate, and severe nausea and vomiting) were collected within 24 h after surgery via direct questioning by a standardized format. Data from the forms and the anaesthetic chart was then collected by the team of researchers for the prospective study and keyed in into the database. Further relevant data on intraoperative and postoperative data that were unavailable in the database (e.g., ethnicity, history of PONV, smoking status, and the use of volatile anaesthetics) were collected retrospectively via the anaesthetic charts and medication charts of the patients. Exclusion criteria in this study included emergency surgery, pregnancy, ASA status V, and incomplete case records.
Possible risk factors of PONV were collected:
(i) Patient factors: ethnicity, age, gender, history of PONV, smoking, and ASA status.
(ii) Surgical factors: duration of surgery.
(iii) Anaesthetic factors: type of anaesthesia (general or regional anaesthesia) and the use of prophylactic antiemetics (pre-and intraoperatively), intraoperative opioids, nitrous oxide, and volatile anaesthetics.
Multivariate logistic regression analysis was performed using the SPSS (Statistical Package for the Social Sciences) programme to determine the odds ratio and significance of PONV for each variable. For univariate analysis, differences among the three ethnic groups were compared using the following tests of significance: Kruskal-Wallis tests for differences in medians and 2 tests for differences in proportions. Subgroup analyses for use of volatile anaesthetics and nitrous oxide were done using patients who underwent general anaesthesia (GA). History of PONV was only analysed amongst patients with prior operations. A value of <0.05 was considered significant.
Results
A total of 785 patients were included out of 907 patients. One hundred and twenty-two patients were excluded due to either unavailable or incomplete case records in one or more variables collected for the study. The study group comprised 619 Chinese (78.9%), 76 Malay (9.7%), 68 Indian (8.7%), and 22 other (2.8%) cases. This is comparable to the national ethnicity census [6] of 74.1% Chinese, 13.4% Malay, 9.2% Indian, and 3.3% other racial groups. As the breakdown of ethnicity within the group of others is diverse (e.g., includes
Eurasian, Japanese, Filipino cases), we decided to leave out other ethnicity and analyse the incidence of PONV amongst the 3 predominant ethnic groups in Singapore. To increase power for the study and account for the large number difference between the Chinese and Non-Chinese cases, we also further grouped the relatively smaller numbers of Malay and Indian ethnic groups into a Non-Chinese group. As a result, there were 619 Chinese (81.1%) and 144 Non-Chinese (18.9%) cases, respectively. Across the 3 races, the Chinese group was older (mean age of 58.3 versus 48.8 for Malay and 51.5 for Indian subjects) and had more females and fewer smokers ( Table 1 ).
There were 297 males (38.9%) and 466 females (61.1%) amongst the Chinese, Malay, and Indian group. Out of these, 213 (27.9%) underwent regional anaesthesia (RA) and 550 (72.1%) received general anaesthesia (GA). Of the patients who had GA, 275 (50.0%) received nitrous oxide and 275 (50.0%) did not, and a majority received volatile agents (97.1%). Amongst all the patients, 13.4% of patients declared themselves to be smokers and 86.6% nonsmokers. The median surgical duration was 2-3 hours.
Within 24 hours after surgery, 257 patients experienced nausea and 168 had vomiting. In total, 260 patients (34.1%) experienced nausea and/or vomiting.
The analysis showed that there was no statistically significant difference in the incidence of PONV amongst Chinese, Malay, or Indian groups (34.6% versus 34.2% versus 29.4%, = 0.695; adjusted = 0.849, 0.816, and 0.577) ( Table 2 ). Further grouping of Chinese and Non-Chinese cases to increase power of the study also did not show any difference in PONV incidence (34.6% in Chinese cases versus 31.9% in Non-Chinese cases, = 0.549).
As there were significant baseline characteristic differences of age and gender within our study population, subgroup analysis was done with females younger than 50 years of age. The 50-year-old cutoff was based on Apfel's simplified risk scoring [7] for postdischarge nausea and vomiting. Subgroup analysis revealed that amongst females younger than 50 years of age, there is a higher incidence of vomiting in young Indian females compared to the other ethnic groups ( = 0.020) ( Table 3 ).
In general, females were 2.294 times more at risk of PONV than males ( = 0.000). Patients who received nitrous oxide during operation were 2.112 times more at risk of PONV compared to those without ( = 0.000). Patients who experienced prior PONV had 1.889 times increased risk of PONV (0.024).
Interestingly, the use of intraoperative antiemetics seems to confer a higher risk of PONV within the study population (OR = 1.465, = 0.042).
Smoking status did not appear to be a significant risk factor for PONV in Singapore (OR = 1.097, = 0.735). The choice between GA and RA also did not affect the risk of PONV ( = 0.977). The other variables of age, ASA status, duration of surgery, and use of preoperative antiemetics and volatiles were not significant risk factors for PONV (Table 4) .
Within the subgroup analysis of females less than 50 years, nitrous oxide remained a significant risk factor (OR = 4.553, = 0.033) but not a history of PONV ( = 0.849). Intraoperative antiemetic use within this group conferred a lower risk of PONV (OR = 0.275, = 0.049) ( Table 5 ).
Discussion
Ethnicity has been proposed as a risk factor for PONV, and results have been contentious. In 2010, Rodseth et al. concluded from a study done in South Africa comprising 800 subjects that there is a statistically significant reduced incidence of PONV in black South Africans as compared to the rest of the multiethnic South Africans [8] . A metaanalysis of PONV after gynaecological surgery also suggests that ethnicity could be a PONV risk factor [9] . In contrast, Toner et al. 's study of 400 subjects in London revealed no difference in the risk of PONV in different ethnicities [10] .
Our findings showed that the risk of PONV in general is not significant amongst the Chinese, Malays, and Indians. However, young Indian females seem to be at particular risk for postoperative vomiting.
It has been suggested that ethnicity is a risk factor for PONV due to the differential degree of expression and activity of selected cytochrome P (CYP) 450 isoenzymes [11] , which affects metabolism of many used anaesthetic and analgesic drugs responsible for PONV [2, 12] . This is suggested in Sweeney's hypothesis that the protective effect of smoking against PONV may be the result of induction of CYP1A2 enzymes by polycyclic aromatic hydrocarbons [13] . It has been shown that the CYP1A2 * 1D allele, which is associated with increased CYP1A2 enzymatic activity, [14] has a higher frequency in the Chinese and Malays than the Indians [15] . This suggests that Indians are slower metabolizers which may predispose them to have higher PONV risks.
The difference in risk also results from a dynamic threshold for nausea which depends on the interaction of inherent factors and more changeable psychological factors [11] . Inherent factors described include age, gender, and race, whilst psychological factors include anxiety, expectation, anticipation, and adaptation.
Indeed, our finding of young Indian females having increased risk of postoperative vomiting may be associated with the increased pain perception and requirements of opioids. Both pain and opioid use are known to have 6 Journal of Anesthesiology effect on nausea and vomiting. As demonstrated in young Indian females undergoing Lower Segment Caesarean Section (LSCS) in Singapore, these patients have significantly higher pain scores and opioid usage [16] .
Consistent with the findings of major studies such as Apfel [4] and Koivuranta, [17] female gender has been shown to be a strong risk factor with a relative risk of 2.294 times of developing PONV in this study. This is consistent with the two-to fourfold increased risk of PONV as reported in most studies [2] . Likewise, history of PONV was also shown to be a strong risk factor of PONV in this study. The nonsignificant risk finding of PONV within the subgroup of females younger than 50 years of age is likely attributed to small numbers of patients who had previous operations at a young age, and subgroup analysis of PONV risk within this subgroup lacks adequate power (as also evidenced by the widened confidence interval) ( Table 5 ).
While smoking is reported to reduce risk of PONV [13, 18, 19] , there have also been some contradictory reports by Toner et al. [10] and Pierre et al. [20] . In Singapore, smoking status did not seem to make a significant difference in the risk of PONV. Smoking rate in our study (13.6%) was similar to a reported prevalence of 14.5% within Singapore in the year 2010 [21] .
Amongst the various anaesthesia-related risk factors for PONV, in particular we have found that the use of nitrous oxide greatly increases the risk of PONV by 2.112 times (95% CI 1.419 to 3.145). This is consistent with our subgroup of young females (OR = 4.553, = 0.033) and the results of various studies including a meta-analysis [22] which found that avoidance of nitrous oxide decreases the incidence of PONV. It is proposed that nitrous oxide influences the vestibular system by diffusing into the closed cavity of the middle ear, expansion of the intestinal wall, or releases endogenous opioid peptides which activate the area postrema of the brain [23] . We believe that avoidance of nitrous oxide use especially in high-risk patients would reduce the risk of PONV.
An interesting finding was the lack of significant increase in PONV for RA compared to GA in our study. Given our population who underwent orthopaedic operations that generally included total knee replacements and hip operations, a majority of RA would include central neuraxial blocks with or without opioid inclusion. This is different from Sinclair et al. 's study [24] which showed that GA increased risk of PONV 11 times compared to RA. However, the study included various forms of RA such as local anaesthesia, monitored anaesthetic care, and central and peripheral regional blockade: this may result in the different findings between our study population and theirs. It is possible that the inclusion of opioids in central neuraxial blockade and hypotension postneuraxial blockade as well as the use of intra-articular opioids by the surgeons has caused in an increased risk in PONV in RA in our population, resulting in no difference in PONV risk between RA and GA. Unfortunately, we do not have data on inclusion of opioids in central neuraxial blocks, intra-articular opioids, or incidence of hypotension after RA or GA to further analyse the data for any conclusion.
We did not have sufficient data regarding use of postoperative opioids or postoperative antiemetics which may confound the results of the severity of PONV. Further studies such as a prospective study controlling for these factors as well as the other anaesthetic factors and having greater numbers of the Indians and Malays would provide a clearer understanding on the exact extent of increased PONV risk in young Indian females.
Conclusion
Young Indian females have a higher risk of postoperative vomiting, and no other effect of ethnicity on PONV risk could be detected for those groups included in the present preliminary study. We suggest the selective usage of antiemetic for young Indian females as prophylaxis and avoiding nitrous oxide use in high-risk patients.
